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Scenedesmus dimorphus is a photosynthetic algae which has high lipid content and can be converted to 
biodiesel. The culture medium used in this study was modified sago effluent (MSE) amended with 8 g/L sodium 
bicarbonate (NaHCO3), MSE without NaHCO3 with Chu medium which is a standard medium for culture of 
Scenedesmus. The addition of culture enrichments in the form of sodium bicarbonate was tested to study the 
effects on growth of Scenedesmus in MSE.  The growth of Scenedesmus in modified sago effluent (MSE) is 
measured through measurement of dry cell weight every 2 days. The cultivation was done for 20 days in 2 
Perspex growth chamber to create flow culture agitated by using aquarium pump. The results showed that the 
highest growth of Scenedesmus in MSE supplied with NaHCO3 (265.2 mg/L) which was on day 12 was greater 
than Scenedesmus in MSE without NaHCO3 (219.6 mg/L) on day 14. For the control, the highest growth of 
Scenedesmus was 222.4 mg/L on day 16. The percentage of the total lipid yield for Scenedesmus in MSE 
supplied with NaHCO3 was 7.61%. Hence, sago effluent can be used beneficially as a culture medium without 
disposing into rivers thus minimizing environmental pollution. 
 











Scenedesmus dimorphus merupakan sejenis alga berfotosintesis yang mempunyai kandungan lipid yang tinggi 
serta boleh ditukar menjadi biodiesel. Medium pengkulturan yang digunakan untuk kajian ini ialah sago efluen 
terubah (MSE) yang ditambah dengan 8 g/L natrium bikarbonat (NaHCO3), MSE tanpa tambahan NaHCO3, 
dan medium Chu sebagai medium kawalan. Penambahan pengkayaan kultur dalam bentuk natrium bikarbonat 
digunakan untuk menguji kesan terhadap pertumbuhan Scenedesmus di dalam MSE. Pertumbuhsn Scenedesmus 
di dalam MSE diukur dengan menimbang berat kering sel setiap 2 hari. Pengkulturan dijalankan selama 20 
hari di dalam 2 kotak Perspeks untuk menghasilkan aliran kultur menggunakan pam akuarium. Keputusan 
menunjukkan pertumbuhan paling tinggi bagi Scenedesmus di dalam MSE yang ditambah dengan NaHCO3 
(265.2 mg/L) pada hari ke-12 lebih tinggi berbanding pertumbuhan paling tinggi Scenedesmus di dalam MSE 
tanpa NaHCO3 (219.6 mg/L) pada hari ke-14. Peratusan jumlah penhasilan lipid bagi Scenedesmus dimorphus 
di dalam MSE yang ditambah dengan NaHCO3 ialah 7.61%. Oleh itu, efluen sago boleh digunakan dengan 
bermanfaat tanpa dibebaskan ke dalam sungai serta mengurangkan pencemaran. 
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Sago palm industry in Sarawak is one of the major contributors in terms of economic 
value. Chew & Shim (1993) reported that sago starch from sago palms which grows in 
freshwater swamps in Sarawak is a staple food for locals. According to Singhal et al 
(2008), a clump density of 590 palms/acre or 1480 palms/ha allows an annual yield of 125-
140 palms/year. In order to obtain the sago starch, several processes which includes 
debarking, pulping, extraction, dewatering and drying are executed (Bujang et al, 2005). 
The sago starch extraction process produces a large amount of wastewater which will 
eventually flow and contaminate rivers nearby. Sago waste is produced as a by-product 
from the production of sago starch (Doelle, 1998). In order to reduce the level of 
contaminations of wastewaters, treatments should be done before releasing wastewater to 
the environment.  
 
Wastewater produced from the processing of sago starch is a major problem to the 
environment. This is because the sago wastewater contaminates nearby river and is 
harmful to water inhabitants. Therefore, the purpose of this study is to figure out a way to 
utilize the sago effluent as a culture medium for microalgae such as Scenedesmus 
dimorphus and to find out whether the modified sago effluent will be suitable for culturing 
microalgae. Chu medium is known as the best culturing medium but it is expensive to use 
for large scale culture. Therefore, if the modified sago effluent can be proved to be a good 
culturing medium, the cost of culturing microalgae at large scale can be cut down and less 




The microalga chosen to conduct this study is Scenedesmus. Scenedesmus dimorphus is 
specifically chosen for this study because of the microalga’s ability to produce lipid. 
Scenedesmus is classified in the class Chlorophyceae due to the arrangement of 

























From the overview above, the objectives of this study are: 
 To develop the cultivation of Scenedesmus dimorphus in sago effluent in order to 
minimize cost and environmental pollution. 
 
 To compare growth of Scenedesmus dimorphus in modified sago effluent and 
modified sago effluent amended with sodium bicarbonate (NaHCO3). 
 



















2.1 Sago palm 
Sago palm (Metroxylan sp) has long been used as a food source especially in Sarawak.  
Chew and Shim (1993) reported that sago starch from sago palms which grows in 
freshwater swamps in Sarawak is a staple food for locals.  Sago palms occupy over three 
quarters of the peat land of Sarawak and it is also the only plat that is able to grow well and 
vigorously in swampy areas (Bujang & Yusop, 2006). Nearly every part of the palm plant 
can be utilized; from the trunk (where starch is extracted) to the leaves. Sago palm industry 
in Sarawak is one of the major contributors in terms of economic value. According to 
Singhal et al (2008), a clump density of 590 palms/acre or 1480 palms/ha allows an annual 
yield of 125-140 palms/year. 
 
In 2007, it was reported that Sarawak has exported a total of 44,700.44 tons of sago starch 
worth RM 51, 407,110 (DOA, 2009). From this figure, this shows that sago industry ranks 
fourth on the export value of Sarawak agricultural products after oil palm, rubber and 
pepper. 
 
2.1.1 Sago starch 
In order to obtain the sago starch, several processes have to be taken. The steps taken to 
process the sago starch includes debarking, pulping, extraction, dewatering, drying and 
packing (Bujang & Yusop, 2005). The sago starch extraction process produces a large 
amount of wastewater which will eventually flow and contaminate rivers nearby. Sago 
waste is produced as a by-product from the production of sago starch (Doelle, 1998). 
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2.1.2 Sago effluent 
The sago starch extraction process produces a large amount of wastewater which will 
eventually flow and contaminate rivers nearby. Sago waste is produced as a by-product 
from the production of sago starch (Doelle, 1998).The occurring pollution is not due to the 
chemical components of sago effluent but due to the large amount of production of sago 
effluent daily (Bujang & Yusop, 2006). “For every kilogram (dry weight) of starch 
produced, it has been estimated that 20L of wastewater is generated in the process” 
(Bujang et al, 1996).  According to DOS (2002), the possibility of pollution from the sago 
mill increases due to the fact that Sarawak has over 30 large sago factories, discharging 
untreated effluent daily into the surrounding rivers and environment. 
 
In order to reduce the level of contamination of wastewaters, treatments should be done 
before releasing this wastewater to the environment. According to Bujang et al (2004), 
sago effluent which is treated by aeration process has shown reduction in COD at 96% 
after 32 days. 
 
2.1.3 Utilization of Sago Starch 
Sago starch extracted from the matured trunk of a sago palm has a vast range of uses. The 
main use of sago starch is for food. Examples of food produced from sago starch are such 
as sago pearl in drinks and ‘tebaloi’, which is a local delicacy in Sarawak. Besides that, 
sago starch is also widely used to produce noodles. It is also used in the manufacture of 
monosodium glutamate, caramel and glucose which is used in the soft drink industry. 
 
In the cosmetic industry, sago starch can potentially be used as a material to make facial 
mask. According to Dahlan et al (2009), sago starch can be incorporated into a polymeric 
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material which is cross-linked by electron beam radiation. Besides that, Boome et al 
(2009) have stated that sago starch can also be used as the main component in body power 
production due to its biodegradable properties which reduces respiratory risk potential 
from inhalation. 
 
Recently, sago starch is also used in the production of alcohol (Haska & Ohta, 1993), 
biodegradable plastics (Griffin, 1977; Odusanya et al, 2000), ethanol (Pranamuda et al, 
1995; Ratnam et al, 2006) and lactic acid (Ishizaki, 2000). Recent findings have also 
proved that sago starch can be incorporated as a component of glue to stick plywood sheets 
together in plywood manufacturing as well as making glue gel and liquid glue for the 
paper-box industry (Bujang and Ahmad, 2000; Chulavathanol, 2002). 
 
 2.2 General Information and Characteristics of Algae 
This section discusses the importance of biodiesel made from algae, the properties of green 
microalgae and Scenedesmus dimorphus, and finally the production of lipids from 
microalgae. 
 
2.2.1 Biodiesel from Algae 
Algae present the most exciting possibilities as a future solution for energy problems, 
especially for transportation fuel. Algae are already being used in a wide variety of 
industries and applications, and many newer applications are being discovered. Such a 
wide range of end-uses enable companies to produce both fuels and non-fuel products from 
the same algae feedstock (Oilgae, 2006). Biodiesel from algae in itself is not significantly 
different from biodiesel produced from vegetable oils. All biodiesel essentially are 
produced using triglycerides (commonly called fats) from the plant or algal oils.  
7 
 
Algae produce a lot of polyunsaturated, which may present a stability problem since higher 
levels of polyunsaturated fatty acids tend to decrease the stability of biodiesel. However, 
polyunsaturated also have lower melting points than monosaturated or saturates, thus algal 
biodiesel should have better cold weather properties than many other bio-feedstock. Since 
one of the disadvantages of biodiesel is their relatively poor performance in cold 
temperatures, it appears that algal biodiesel is able to survive in cold areas (Oilgae, 2006). 
Another reason algal biodiesel is preferred because growing more oilseed crops would 
displace the food crops grown to feed mankind. The most significant difference is in the 
yield of algal oil, as shown on Table 1. According to Riesing (2007), microalgae are by a 
factor of 8 to 25 for palm oil, and a factor of 40 to 120 for rapeseed, the highest potential 
energy yield temperate vegetable oil crop. 
 






Oil Palm 635 
Microalgae 5000-15000 








2.2.2 Properties of Green Microalgae 
There are estimated approximately 8000 species of green algae to be in existence. Green 
microalgae have chlorophyll a and chlorophyll b. They use starch as their primary storage 
component. However, N-deficiency promotes the accumulation of lipids in certain species. 
Green algae are the evolutionary progenitors of higher plants and they have received more 
attention than other groups (Sheehan et al, 1998). Green algae may be unicellular, colonial 
(living as a loose aggregation of cells) or coenocytic (composed of one large cell without 
cross-wall; the cell may be uninucleate or multinucleate). They have membrane-bound 
chloroplasts and nuclei. Most green algae are aquatic and are found commonly in fresh 
tropical waters. All green algae are photosynthetic which means they get all their organic 
carbon from photosynthesis. Green algae are generally fast growing and sturdy. As stated 
by Guiry (2009), green microalgae reproduce both asexually (by cell division) and 
sexually. 
 
2.2.3 Scenedesmus dimorphus 
Scenedesmus dimorphus as shown in Figure 1 is a green microalgae, bean shaped of 
approximately 10µm in size. Categorized as a heavy bacterium, Scenedesmus has a lipid 
content of 16-40%, being one of the preferred species for oil yield in the production of 
biodiesel. One of the problems with this microalga is that it is heavy and forms thick 
sediments if not kept in constant agitation. The optimal growth temperature for this strain 






















Figure 1: Scenedesmus dimorphus  
 
 
All algae primarily contain all of the following, in varying proportions: proteins, 
carbohydrates, fats and nucleic acids. While the percentages vary with the type of algae, 
there are algae types which comprised up to 40% of their overall mass by fatty acids. It is 
this fatty acid (oil) that can be extracted and converted into biodiesel. According to Sze 
(1993), the genus Scenedesmus from the class Chlorophyceae have a unicellular flagellated 
solitary cell with a large chloroplast with a colonial green colour and sometimes with four 


















Species S. dimorphus 
Table 2: Classification of Scenedesmus dimorphus 
 
2.2.4 Production of Lipids from Microalgae 
The production of biodiesel is based upon the quantity of fatty acids (lipids) that the algae 
reach to produce during its growth. Microalgae are autotrophic organisms and as such they 
do photosynthesis which allows them to create their own food. It is during photosynthesis 
that microalgae consumes carbon dioxide in the presence of sunlight to grow its biomass 
and produce oxygen, biomass is composed of carbohydrates, proteins and lipids. Lipids are 
esters, composed largely of carbon, oxygen and hydrogen (EncarnaciÓn et al, 2010). Lipids 
store energy and are essential for cell growth. The main importance in lipid production is 
that they can be converted via a process called transesterification, into biodiesel fuel.  
 
2.3 Parameters that affect the Cultivation of Microalgae 
The most important parameters regulating algal growth are light, pH, temperature, 




2.3.1 Effects of Light  
Microalgae photosynthesize assimilating inorganic carbon for conversion into organic 
matter. Light is the source of energy which drives this reaction. Light is one of major 
factors in order to successfully culture green microalga such as Scenedesmus due to its 
nature of undergoing photosynthesis to produce food similar to plants. However, there is a 
significant difference between microalgae and other plants. According to Spencer (1988), 
microalgae have a greater advantage over land plants in terms of achieving maximum 
conversion rate because all the cells in microalgae can undergo photosynthesis. 
 
2.3.2 Effects of pH  
As carbon source is added in the form of sodium bicarbonate (NaHCO3), the pH of the 
culture medium will sure be affected. As the optimum pH range for Scenedesmus should 
be between pH 7 to pH 9, with the optimum range being pH 8.2 – pH 8.7 (EncarnaciÓn et. 
al, 2010), adjustment should be made after the addition of bicarbonate salt. Azov (1982) 
suggested that pH tolerance of the alga is directed by the chemical influence on the culture 
medium or by metabolic effects of the cell. Complete culture collapse due to the disruption 
of many cellular processes can result from a failure to maintain an acceptable pH. 
Maintaining an acceptable pH can be accomplished by aerating the culture. According to 
Lavens et al (1996), in the case of high-density algal culture, the addition of carbon 
dioxide allows to correct for increased pH, which may reach limiting values of up to pH 9 





2.3.3 Effects of Agitation and Carbon Dioxide  
One of the problems of Scenedesmus dimorphus is that it is heavy, and forms thick 
sediments if not kept in constant agitation. Agitation is not only necessary to prevent 
sedimentation of the algae, but also ensures that all cells of the population are equally 
exposed to the light and nutrients, and also improves gas exchange between the culture 
medium and the air. The latter is of primary importance as the air contains the carbon 
source for photosynthesis in the form of carbon dioxide. For dense cultures, the CO2 
originating from the air bubbled through the culture is limiting the algal growth and pure 
CO2may be supplemented to the air supply. CO2 addition furthermore buffers the water 
against pH changes as a result of the CO2/HCO3 balance (Lavens et al, 1996). 
 
2.3.4 Effects of Temperature 
Most commonly cultured species of microalgae tolerate temperatures between 16°C and 
27°C. Temperatures lower than 16°C will slow down growth, whereas those higher than 
35°C are lethal for a number of species. The optimal growth temperature varies between 
strains. For Scenedesmus dimorphus, its optimal growth temperature is between 30°C to 










2.4 Oil Extraction 
2.4.1 Extraction of Lipids for Biodiesel 
Oil extraction from algae is one of the most currently debated topics because this process is 
one of the most costly processes which can determine the sustainability of algae-based 
biodiesel. In terms of concept, the process is quite simple: Extract the algae from its 
growth medium and use the algae to extract the oil (Oilgae, 2006). The aim of all 
extraction procedures is to separate cellular or fluid lipids from the other constituents, 
proteins and polysaccharides but also to preserve these lipids for further analyses. 
According to Claude (2009), removing the non-lipids without losing some lipids is a 
complex challenge. To extract the oil from the algae there are a few methods which 
includes mechanical, chemical or a combination of both. 
 
2.4.2 Conversion of Algae Oil to Biodiesel (Transesterification) 
Transesterification is a process that is commonly used in conversion of lipid to biodiesel as 
it is the most economical process which requires only low temperatures and pressures and 
producing a 98% conversion yield. Transesterification is the process whereby lipid reacts 
with alcohol to form esters and glycerol. During transesterification, lipid is reacted with 
alcohol in the presence of catalyst, which is usually a strong alkaline such as sodium 
hydroxide. According to Encarnacion et al (2010), the alcohol reacts with fatty acids to 







MATERIALS AND METHOD 
Figure 2 below shows the flow of methodology for the flow culture of Scenedesmus 



















Figure 2: Method of Flow Culture for Scenedesmus dimorphus in MSE 
 
 
Fresh sago Effluent 
Filter 
Modified Sago Effluent (MSE) 
BakWira MP300 
Analyze for sugar, starch and pH  
Amend with NaHCO3 at 8 g/L. 
Algae          
Scenedesmus dimorphus 
 
Flow Culture in MSE Static culture in Chu Medium 
Culture under Sunlight 
Analyse for sugars, starch, pH and % dry cell weight every 2 





The microorganism used in this study is Scenedesmus dimorphus which was purchased 
from the University of Texas (UTEX). A 10% v/v of Scenedesmus dimorphus was 
inoculated in the 16L of both Chu medium and Modified Sago Effluent (MSE). The 
amount of cell biomass must be similar and therefore optical density of the algal sample is 
checked using a spectrophotometer to ensure its uniformity. The prepared Scenedesmus 
stock for flow culture is shown in Figure 3. The culture was performed in a clear glass 
bottle with aeration under normal day-light. 
 
 




3.1.2  Modified Sago Effluent (MSE) 
Sago effluent was treated with a commercial microbial amendment (BakWira MP300) in 
order to make it suitable for the alga Scenedesmus to grow, thus producing a growth 
medium aptly named Modified Sago Effluent (MSE). The MSE was characterized for 
